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Abstract 

Background: The incidence of snoring and sleepiness is known to increase during pregnancy, and this might 
impact maternal health and obstetric outcome. However, the association between snoring and sleepiness during 
pregnancy is not fully understood. This study was aimed at investigating the development of snoring during 
pregnancy and prospectively assessing if there is an association between snoring and sleepiness or adverse 
pregnancy outcomes, such as preeclampsia, mode of delivery, and fetal complications. 

Methods: Consecutively recruited pregnant women (n = 500) received a questionnaire concerning snoring and 
sleep at the 1 st and 3rd trimester of pregnancy. The women who had rated their frequency of snoring at both 
occasions (n = 340) were divided into subgroups according to the development of snoring they reported and 
included in the subsequent analyses. Additional medical data were collected from the medical records. 

Results: The frequency of snoring was 7.9% in the 1 st trimester and increased to 21.2% in the 3 rd trimester of 
pregnancy. The women who snored already in early pregnancy had significantly higher baseline BMI (p = 0.001) 
than the women who never snored, but snoring was not associated with the magnitude of weight gain during 
pregnancy. Snoring women were more likely to experience edema in late pregnancy than the non-snorers. Women 
who started to snore during pregnancy had higher Epworth Sleepiness Scores than the non snorers in both early 
and late pregnancy. No significant association between obstetric outcome and snoring was found. 

Conclusion: Snoring does increase during pregnancy, and this increase is associated with sleepiness, higher BMI 
at the start of pregnancy and higher prevalence of edema, but not with weight gain. 

Keywords: Pregnancy, Snoring, Sleepiness, Epworth sleepiness score, Body mass index, Edema, Pregnancy 
outcome 



Background 

Sleep problems are common during pregnancy, charac- 
terized by declining sleep quality, increased night waken- 
ing and snoring [1-3]. A prospective American study 
from 1996 reported that snoring increased from 4% before 
pregnancy to 14% in the last trimester of pregnancy [4]. 
Later prospective studies report snoring rates increasing 
from 3.7% [5] and 7.1% [6] to 11.8% and 13% respectively. 
Results from cross sectional studies conducted in late 
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pregnancy describe an incidence of habitual snoring from 
11.9% to 49% [7-10] in 3 rd trimester of pregnancy, and 
retrospective studies, where the women were recruited 
after delivery, report a range of 2.5-35.1% snorers in late 
pregnancy [11-14]. 

As a result of snoring and other sleep related problems 
during pregnancy daytime sleepiness and fatigue may 
occur [15], especially when associated with obstructive 
sleep apnea (OSAS) [16]. The sleepiness is mainly due to 
fragmented sleep caused by repeated arousals. It is well 
known that women are getting more sleepy and tired 
when pregnant [3], but studies on a possible relation be- 
tween snoring and sleepiness during pregnancy are few 
and retrospective [17,18]. Sleep deprivation and sleep 
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disturbances during pregnancy may increase the risk of 
adverse pregnancy outcomes e.g. gestational hyperten- 
sion, preeclampsia, gestational diabetes, preterm deliv- 
ery, unplanned cesarean deliveries, growth restriction 
of the fetus and postpartum depression [10,14,19-24]. 
Various explanations for potential mechanisms by which 
sleep related problems might exert a negative effect on 
outcome have been proposed. However, direct evidence is 
scarce [21-23]. This study was conducted to prospectively 
examine the possible relation between snoring and 
sleepiness and adverse obstetric outcomes over the en- 
tire pregnancy, assessed in the same women in the 1 st 
and 3 rd trimester as well as postpartum. 

Hence, the primary aim was to determine the frequency 
and development of snoring during pregnancy. The 
secondary aim was to investigate if associations between 
snoring, sleepiness and an adverse pregnancy outcome 
could be verified in a prospective study. 

Methods 

Pregnant women consecutively registered at one ante- 
natal care clinic (ACC) during 2007 were asked to con- 
tribute to the study. The Swedish antenatal health care 
system reaches almost 100% of all pregnant women 
and is free of charge. At the ACC healthy pregnant 
women are advised to attend the regular antenatal pro- 
gram consisting of seven to nine visits to a midwife, 
and, if needed, to make extra appointments with an ob- 
stetrician and/or the midwife [25]. The women were 
asked to join the study at their first visit to the ACC, 
which usually takes place around gestational week 10 -12. 
Women with diabetes mellitus, neurological disease, drug 
abuse, hypertension or poor knowledge of the Swedish 
language at the first visit were excluded. After receiving 
written and oral information 500 women agreed to partici- 
pate in the study. Written informed consent was obtained 
from each participant. 

The contributing women were given a questionnaire at 
two regular visits to the ACC, in the 1 st and 3 rd trimes- 
ter respectively. In the questionnaire they were asked to 
rate the frequency with which they experienced snoring 
on a daily bases, rated in terms of "always", "often", 
"sometimes", "seldom" and "never". The degree of 
edema experienced in the feet, legs or hands was rated 
as "none", "mild", "moderate" or "severe" edema. The 
questionnaire also contained the Epworth Sleepiness 
Scale, a standardized instrument for measuring sleepi- 
ness among patients with snoring and obstructive sleep 
apnea [26]. In the Epworth Sleepiness Scale the women 
rank their probability of falling asleep on a scale of in- 
creasing probability from 0 to 3 for eight different situ- 
ations. Maximum score is 24; a score >10 is considered 
abnormal and defined as excessive daytime sleepiness 
(EDS). Furthermore, the women were asked the four 



separate questions set by the International RLS Study 
Group for diagnosing restless legs syndrome [27]. 

The women's body weight and blood pressure were 
recorded at all visits where questionnaires were distributed. 
Data concerning the characteristics of the women and their 
pregnancies (age, marital status, height, parity, existence 
of twin pregnancies, gestational weeks at delivery, mode of 
delivery, diagnosed complications of pregnancy) and their 
newborn (sex, weight, Apgar score) were taken from the 
Swedish standardized antenatal and delivery records. 

The participating women were divided into three sub- 
groups depending on how their snoring had developed 
during pregnancy. Women who reported that they snored 
"never", "seldom" or "sometimes" in both the 1 st and 3 rd 
trimester were identified as "non snorers" and women 
who snored "often" or "always" already in the 1 st trimester 
of pregnancy were identified as "habitual snorers". Women 
who started to snore during pregnancy, i.e. snored "never", 
"seldom" or "sometimes" in the first trimester and "often" 
or "always" in the 3 rd trimester were considered "gestational 
snorers". Only the women who had answered the question 
about snoring in both questionnaires were included in 
these groups and further analyses. 

Gestational hypertension was defined as systolic blood 
pressure >140 or diastolic blood pressure > 90. Diagnosis 
of preeclampsia required additional leakage of protein 
to urine >0.3 gram/24 hours according to the ICD-10 
criteria [28]. 

Characteristics of the pregnant women were presented 
as mean and standard deviation (SD) for continuous vari- 
ables and as numbers and percentages for discrete vari- 
ables. In comparisons between the three groups one-way 
analysis of variance (ANOVA) and Turkey's range test for 
post hoc analysis were used for comparing mean values 
and binary variables. The x 2 test was used for comparison 
of categorized variables between the three groups. For 
analyzing changes in the entire material independent two 
sample t-test was used. The significance level was set to 
5% in all tests. The statistical software SPSS 21.0 was used. 
The study was approved by The Regional Ethical Review 
Board, Linkoping, Sweden (M97-05). 

Results 

Participants 

In total 500 women answered the questionnaire in 
the 1 st trimester (mean gestational week 11.2, SD 1.6) 
and 351 women in the 3 rd trimester of pregnancy 
(mean gestational week 34.4, SD 0.6). One woman with an 
essential hypertension was included by mistake. Between 
enrollment and the third questionnaire, 11 women had 
a miscarriage or abortion, 11 had preterm labor, and 9 
moved to another city. The causes of drop-out were 
unknown in the remaining cases. Eleven of the 351 
women did not answer the question about snoring in 
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one of the questionnaires. Therefore 340 women were 
included in further analyses. The drop-outs did not differ 
from the remaining women according to age (p = 0.85), 
BMI class at inclusion (p = 0.14), parity (p = 0.61) or 
prevalence of habitual snoring (p = 0.70). The included 
women had characteristics similar to those of average 
Swedish pregnant women [25]; their mean age was 
30.0 years (range 19-47 years) at the start of pregnancy. 
The background data for the participating women are 
shown in Table 1. 

Snoring 

The women were divided into three groups regarding their 
development of snoring during pregnancy: "non snorers" 
who never snored during pregnancy (n = 268), "gestational 
snorers" who started to snore between the 1 st and 3 rd 
trimester of pregnancy (n = 45) and "habitual snorers" 
who snored already from the 1 st trimester of pregnancy 
(n = 27). This gives a proportion of habitual snoring 
(snoring often or always) of 7.9% (n = 27) in the 1 st and 
21.2% (n = 72) in the 3 rd trimester of pregnancy. 

BMI, weight gain and edema 

The mean BMI in the entire group was 24.0 kg/m 2 . The 
"habitual snorers" had significantly higher mean BMI than 
the "non snorers" at the start of pregnancy (p = 0.001) and 



a greater share of the "habitual snorers" were classified as 
obese (Table 1). However, there was no difference in weight 
gain during pregnancy between the groups (Table 2). 
Both the "gestational snorers" and the "habitual snorers" 
experienced significantly more edema than the "non 
snorers" in the 3 rd trimester of pregnancy (p = 0.001 and 
0.002, Table 2). 

Sleepiness 

The mean Epworth Sleepiness Score for the entire study 
population increased from 7.9 to 8.7 from 1 st to 3 rd 
trimester (p < 0.001). The mean Epworth Sleepiness Score 
differed significantly between the three groups (Table 2). 
Post hoc analyses showed that the "gestational snorers" 
had a significandy higher mean Epworth Sleepiness Score 
than the "non snorers" in both the 1 st and the 3 rd trimester 
of pregnancy (p = 0.009 and p = 0.001), but this did not 
apply for the "habitual snorers" (p = 0.26 and p = 0.39). The 
prevalence of excessive daytime sleepiness (EDS) defined as 
Epworth Sleepiness score >10, only differed between the 
groups in the 1 st trimester of pregnancy, with significant 
difference proven between the "gestational snorers" 
and the "non snorers" (p = 0.001). 

The "habitual snorers" had higher prevalence of restless 
legs syndrome than "gestational snorers" (p = 0.029) but 
not than "non snorers" in the 3 rd trimester of pregnancy. 



Table 1 Baseline characteristics (n = 340) 



Non snorers 
(n = 268) 



Gestational 
snorers (n = 45) 



Habitual snorers 
(n = 27) 





n 


% 


n 




% 


n 




% 


p value 


Age (years, mean/SD) 




30.2/433 




29.4/4.08 






29.6/5.67 




0.481 1 


Relationsship status 




















Partnered 


267 


99.6 


44 




97.8 


24 




88.9 


0.91 5 2 


Single 


1 


0.4 


1 




2.2 


3 




11.1 


<0.001 3 


Primipara 


















0.001 4 


Yes 


122 


45.5 


22 




48.9 


15 




55.6 


0.583 1 


No 


146 


54.5 


23 




51.1 


12 




44.4 




BMI at start of pregnancy (kg/m 2 ; mean/SD) 




23.6/3.8 




24.4/3.3 






26.4/5.0 




0.381 2 
0.001 3 
0.098 4 


BMI classes at start of pregnancy 


















0.001 5 


<19 


1 1 


4.3 


0 




0.0 


0 




0.0 




19-24 


183 


71.8 


27 




60.0 


9 




33.3 




25-29 


56 


22.0 


15 




33.3 


13 




48.1 




>30 


15 


5.9 


3 




6.7 


5 




18.5 




Twin pregnancy 


1 


0.4 


0 




0.0 


2 




7.4 





1 One-way analysis of variance, ANOVA. 

2 Post hoc analysis (Tukey): non snorers vs. gestational snorers. 
3 Post hoc analysis (Tukey): non snorers vs. habitual snorers. 
4 Post hoc analysis (Tukey): gestational snorers vs. habitual snorers. 
5 Chi square test. 
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Table 2 Pregnancy data (n = 340) 



Non snorers 
(n = 268) 



Gestational snorers 
(n = 45) 



Habitual snorers 
(n = 27) 



n 


% 


n 




% 


n 




% 


p value 


Weight gain (kg, mean/SD) 1 0.4/3.4 






1 1 .5/3.8 






1 1 .2/3.9 




0.107 1 


Systolic blood pressure (mmHg, mean/SD) 


















1 st trimester 110.3/12.1 






1 1 1 .0/1 0.3 






1 1 1 .9/1 0.6 




0.779 1 


3 rd trimester 112.7/9.1 






114.1/9.8 






110.9/9.1 




0.358 1 


Diastolic blood pressure (mmHg, mean/SD) 


















1 st trimester 66.0/7.6 






67.0/6.7 






69.6/8.0 




0.053 1 


3 rd trimester 67.2/7.0 






65.9/8.2 






68.3/7.3 




0.353 1 


Edema (moderate or severe) 


















1 st trimester 10 


3.8 


3 




6.7 


2 




7.4 


0.505 1 


3 rd trimester 58 


21.7 


21 




46.7 


14 




51.9 


0.001 2 


















0.002 3 


















0.876 4 


Epworth sleepiness score (ESS, mean/SD) 


















1 st trimester 7.6/3.6 






9.3/3.0 






8.7/3.3 




0.009 2 


















0.264 3 


















0.784 4 


3 rd trimester 8.4/3.8 






1 0.6/3.4 






9.4/4.8 




0.001 2 


















0.388 3 


















0.382 4 


Epworth sleepiness score >10 (EDS) 


















1 st trimester 81 


30.2 


17 




37.8 


9 




33.3 


0.589 1 


3 rd trimester 112 


41.8 


32 




71.1 


12 




44.4 


0.001 2 


















0.61 4 3 


















0.267 4 


Restless legs syndrome (RLS) 


















1 st trimester 42 


15.7 


6 




13.3 


8 




29.6 


0.147 1 


3 rd trimester 76 


28.4 


9 




20.0 


13 




48.1 


0.483 2 


















0.077 3 


















0.029 4 



1 One-way analysis of variance, ANOVA. 

2 Post hoc analysis (Tukey): non snorers vs. gestational snorers. 
3 Post hoc analysis (Tukey): non snorers vs. habitual snorers. 
4 Post hoc analysis (Tukey): gestational snorers vs. habitual snorers. 

Obstetric outcome 

There was a greater proportion of women in the snoring 
groups who developed preeclampsia or gestational hyper- 
tension (Table 3), but the affected women were too few to 
show statistical significance (p = 0.775, not shown in table). 
Of all the women in the study, nine (2.9%) developed pre- 
eclampsia during pregnancy and one woman was diagnosed 
with pregnancy-induced hypertension without leakage of 
protein to the urine. Out of nine women with preeclampsia; 
eight women were expecting their first child, and one had a 
history of preeclampsia in her previous pregnancy. Two of 



the women with preeclampsia also developed eclampsia. 
The recorded blood pressures during pregnancy did not 
differ between the groups (Table 2). Only one woman in 
the study developed gestational diabetes mellitus, she was 
categorized as "non snorer". 

The mode of delivery did not differ between the groups 
(Table 3). The frequencies of larger bleeding, preterm 
delivery and adverse fetal outcome were too low to 
show statistical significance. The "habitual snorers" seemed 
to give birth to baby girls more often than the "non 
snorers" (p = 0.049). 
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Table 3 Pregnancy outcome (n = 339)* 



Non snorers Gestational snorers Habitual snorers 

(n = 267)* (n = 45) (n = 27) 





n 


% 


n 


% 


n 


% 


p value 


Gestational week at delivery (mean/SD) 




39.5/1 .4 




39.5/1.5 




39.7/1.5 


0.668 1 


Preeclampsia or gestational hypertension 


/ 


2.6 


2 


4.4 


1 


3.7 




Normal vaginal delivery 


222 


83.2 


32 


71.1 


19 


70.4 


0.064 1 


Vacuum extraction 


16 


6.0 


4 


8.9 


3 


11.1 




Acute caesarean section 


10 


3.7 


4 


8.9 


3 


11.1 




Elective caesarean section 


19 


7.1 


5 


11.1 


1 


3.7 




Bleeding >1000 ml 


11 


4.1 


4 


8.9 


2 


7.4 




Premature delivery (<37 weeks) 


6 


2.2 


2 


4.4 


1 


3.7 




Newborn Small for Gestational Age 


3 


1.1 


2 


4.4 


0 






Newborn Apgar score <7 at 5 minutes age 


2 


0.7 


0 




0 






Fetal gender (n = 342) 
















Boy 


134 


50.0 


25 


55.6 


8 


27.6 


0.768 2 


Girl 


134 


50.0 


20 


444 


21 


72.4 


0.056 3 
0.049 4 



*missing data about one women who moved to another city just before delivery. 
1 One-way analysis of variance, ANOVA. 

2 Post hoc analysis (Tukey): non snorers vs gestational snorers. 
3 Post hoc analysis (Tukey): non snorers vs habitual snorers. 
4 Post hoc analysis (Tukey): gestational snorers vs habitual snorers. 



Discussion 

In this prospective study the frequency of snoring more 
than doubled from the 1 st to the 3 rd trimester of preg- 
nancy. The prevalence of snoring in the study group 
was 21.2% in the 3 rd trimester, which is slightly higher 
than reported in earlier prospective studies [4-6]. We 
chose to define the contributing women as "snorers" 
only when they stated that they snored often or always, 
since this is the standard definition used in sleep research. 
However, if all women who had never snored earlier but 
started to snore "sometimes" during pregnancy had been 
considered as a "gestational snorers", the prevalence would 
have been even higher. 

The most probable cause of snoring during pregnancy 
is a narrowing of the upper airways due to edema. Izci 
has reported smaller upper airway dimensions among 
pregnant women compared to non-pregnant controls 
[9]. High estradiol levels are the main cause of edemas 
in the airway mucosa [29] and other tissues. We investi- 
gated subjective peripheral edema of the legs, feet and 
hands and found that women who snored had a signifi- 
cantly higher degree of edema in the 3 rd trimester of 
pregnancy compared to the pregnant women who did 
not snore. This is novel knowledge. Weight gain might 
be another conceivable mechanism causing increased 
prevalence of snoring during pregnancy; this has also 
been reported in a previous survey [11]. We found no 
such association; instead our data imply that the BMI 



before pregnancy is of greater importance which is 
supported by data from a larger study [10]. This corre- 
sponds with risk factors for OSA in a non-pregnant, 
normal population [30,31] and the relationship be- 
tween high BMI and snoring during pregnancy has also 
been reported in a recent cross-sectional survey [32]. 
High pre-pregnancy BMI has also been identified as a 
greater risk factor than weight gain for pregnancy and 
delivery complications such as antepartum stillbirth, 
cesarean delivery, instrumental delivery, preeclampsia 
and shoulder dystocia [33]. Smoking is a well-known 
risk factor for snoring in a general population [15], but 
has not been considered in this survey since the preva- 
lence of smokers is very low (7%) among Swedish preg- 
nant women [25]. 

We found that the women who started to snore, but 
not the habitual snorers, had higher Epworth Sleepiness 
Score and higher incidence of excessive daytime sleepi- 
ness than the non-snoring women already in early 
pregnancy, indicating that these women might already 
have had disturbed sleep before they started to snore. 
Association between sleepiness and snoring among 
pregnant women has, to the best of our knowledge, not 
been described earlier. 

The relationship between snoring and restless legs 
syndrome found in this study has been analyzed in an 
earlier report [34] and has also been described in a 
general population [35]. 
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As previously mentioned, there are numerous reports 
describing an association between sleep disturbances and 
adverse obstetric and neonatal outcome. One of the first 
was Franklin et al. who in 2000 published a retrospective 
study of 502 women where habitual snoring was identified 
as an independent risk factor for hypertension in preg- 
nancy and growth retardation of the fetus, and corre- 
lated to preeclampsia and low Apgar score [13]. A recently 
published large American cohort study also found that 
new-onset snoring during pregnancy is a strong risk 
factor for gestational hypertension and preeclampsia 
[10]. There are theoretical possibilities that snoring 
might cause gestational hypertension and preeclamp- 
sia, since snoring is the cardinal symptom of obstruct- 
ive sleep apnea (OSA), which in turn is known as an 
evident risk factor for the development of hypertension 
in the general population [36]. We found no significant 
association between snoring and preeclampsia. 

In our study population, the "habitual snorers" more 
often gave birth to girls. Although there are reports describ- 
ing that the sex of the expected child might impact the 
pregnancy in terms of plasma levels of human chorionic 
gonadotropin (hCG) [37] and pregnancy outcome [38], we 
do not consider this finding being of clinical relevance. 

The main limitations of this study are connected to 
the subjective nature of many of the measured variables. 
No data about snoring was objectively recorded, but 
taken from the questionnaires, filled in by the pregnant 
women themselves. However, the majority of the women 
in the study were married and most of them were ac- 
companied by their husband to the visits to the ACC, 
enabling, to some extent, verification of the snoring. 
Information about edema was also collected from the 
questionnaires, but the pregnant women are mostly 
very aware of the classification of edema since it is 
checked by the midwife at every visit to the ACC. Likewise 
sleepiness was reported by the women themselves, but the 
used instrument, the Epworth Sleepiness Score (ESS), 
is validated for measuring daytime sleepiness due to 
snoring, obstructive sleep apnea and other causes [39]. 
It has recently also been validated for measurement of 
sleepiness among pregnant women [40]. 

The drop-out rate from inclusion to the measurement 
in the 3 rd was 68%, however, drop-out analyses showed no 
difference between the non-responders in the 3 rd trimester 
and the remaining women. 

Since most adverse obstetric outcome are rare, a large 
group of women are needed to verify statically assured 
correlations. The number of women included in this study 
was chosen on basis on an earlier study in this field [13], 
but post hoc power analysis show that almost the double 
sample size is needed for achieving a statistical power of 
80% when investigating e.g. preeclampsia, that affects only 
about 3-4% of all pregnant women [41]. 



The major strength of the study is its prospective design. 
The women were recruited in early pregnancy and followed 
throughout their pregnancy and delivery in order to avoid 
recall bias. The women were consecutively collected from a 
normal pregnant population. 

Since no objective data on snoring or OSA were col- 
lected, an obvious design element to be included in any 
future large prospective study would be a full respira- 
tory recording on all contributing women. 

Conclusion 

The frequency of snoring does increase during pregnancy 
and is related to high BMI at the start of pregnancy and 
higher frequency of edema in late pregnancy, but not to 
the degree of weight gain. Women who started to snore 
during pregnancy, but not the women who snored already 
from early pregnancy, had higher degree of sleepiness than 
the non snorers in both early and late pregnancy. 

Abbreviations 

ACC: Antenatal care clinic; ANOVA: One-way analysis of variance; BMI: Body 
mass index; EDS: Excessive daytime sleepiness; ESS: Epworth sleepiness scale; 
ICD-10: International statistical classification of diseases and related health 
problems. 10th revision; OSA: Obstructive sleep apnea; RLS: Restless legs 
syndrome. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contribution 

MS contributed to the data collection, data analysis, interpretation of data 
and the majority of the manuscript writing. ES contributed to the project 
design, interpretation of data and manuscript editing. ABW contributed to 
the data analysis and critical revision of the manuscript. AJ contributed to 
the project design, interpretation of data and manuscript editing. All authors 
have approved the final version of the manuscript to be published. 

Acknowledgments 

We thank Lena Harder MD at the Department of Clinical Neurophysiology in 
Linkoping for excellent collaboration. 

Funding information 

This investigation was supported by grants from the County Council of 
Ostergotland, Sweden. 

Author details 

1 Division of Obstetrics and Gynecology, Department of Clinical and 
Experimental Medicine, Faculty of Health Sciences, Linkoping University, 
Department of Obstetrics and Gynecology in Linkoping, County Council of 
Ostergotland, Linkoping, Sweden, department of Clinical Neurophysiology, 
Faculty of Health Sciences, Linkoping University, County Council of 
Ostergotland, Linkoping, Sweden. 3 Local Health Care Research and 
Development Unit, Faculty of Health Sciences, Linkoping University, County 
Council of Ostergotland, Linkoping, Sweden. 

Received: 9 September 2013 Accepted: 2 January 2014 
Published: 13 January 2014 

References 

1. Santiago JR, Nolledo MS, Kinzler W, Santiago TV: Sleep and sleep disorders 
in pregnancy. Ann Intern Med 2001, 134(5)396-408. 

2. Hutchison BL, Stone PR, McCowan LM, Stewart AW, Thompson JM, Mitchell 
EA: A postal survey of maternal sleep in late pregnancy. BMC Pregnancy 
Childbirth 2012, 12:144. 

3. Neau JP, Texier B, Ingrand P: Sleep and vigilance disorders in pregnancy. 
Eur Neurol 2009, 62(1)23-29. 



Sarberg et al. BMC Pregnancy and Childbirth 2014, 14:15 Page 7 of 7 

http://www.biomedcentral.com/1471-2393/14/15 



4. Loube Dl, Poceta JS, Morales MC, Peacock MD, Mitler MM: Self-reported 
snoring in pregnancy. Asso with fetal outcome. Chest 1996, 1 09(4):885-889. 

5. Guilleminault C, Querra-Salva M, Chowdhuri S, Poyares D: Normal pregnancy, 
daytime sleeping, snoring and blood pressure. Sleep Med 2000, 1 (4):289-297. 

6. Pien GW, Fife D, Pack Al, Nkwuo JE, Schwab RJ: Changes in symptoms of 
sleep-disordered breathing during pregnancy. Sleep 2005, 28(1 0):1 299-1 305. 

7. Ursavas A, Karadag M, Nalci N, Ercan I, Gozu RO: Self-reported snoring, maternal 
obesity and neck circumference as risk factors for pregnancy-induced 
hypertension and preeclampsia. Respiration 2008, 76(1)33-39. 

8. Izci B, Martin SE, Dundas KC, Liston WA, Calder AA, Douglas NJ: Sleep 
complaints: snoring and daytime sleepiness in pregnant and 
pre-eclamptic women. Sleep Med 2005, 6(2): 1 63— 1 69. 

9. Izci B, Vennelle M, Liston WA, Dundas KC, Calder AA, Douglas NJ: 
Sleep-disordered breathing and upper airway size in pregnancy and 
post-partum. Eur Respir J 2006, 27(2):321-327. 

10. O'Brien LM, Bullough AS, Owusu JT, Tremblay KA, Brincat CA, Chames MC, 
Kalbfleisch JD, Chervin RD: Pregnancy-onset habitual snoring, gestational 
hypertension, and preeclampsia: prospective cohort study. Am J Obstet 
Gynecol 2012, 207(6):487. e481-489. 

11. Ayrim A, Keskin EA, Ozol D, Onaran Y, Yiidirim Z, Kafali H: Influence of 
self-reported snoring and witnessed sleep apnea on gestational 
hypertension and fetal outcome in pregnancy. Arch Gynecol Obstet 201 1, 
283(2):195-199. 

1 2. Perez-Chada D, Videla AJ, O'Flaherty ME, Majul C, Catalini AM, Caballer CA, 
Franklin KA: Snoring, witnessed sleep apnoeas and pregnancy-induced 
hypertension. Acta Obstet Gynecol Scand 2007, 86(7)788-792. 

13. Franklin KA, Holmgren PA, Jonsson F, Poromaa N, Stenlund H, Svanborg E: 
Snoring, pregnancy-induced hypertension, and growth retardation of 
the fetus. Chest 2000, 117(1):137-141. 

1 4. Bourjeily G, Raker CA, Chalhoub M, Miller MA: Pregnancy and fetal 
outcomes of symptoms of sleep-disordered breathing. Eur Respir J 2010, 
36(4):849-855. 

1 5. Zielinski J, Zgierska A, Polakowska M, Finn L, Kurjata P, Kupsc W, Young T: 
Snoring and excessive daytime somnolence among Polish middle-aged 
adults. Eur Respir J 1999, 14(4):946-950. 

16. Johns MW: Daytime sleepiness, snoring, and obstructive sleep apnea. 
The Epworth Sleepiness Scale. Chest 1993, 103(1)30-36. 

1 7. Bourjeily G, Raker C, Chalhoub M, Miller M: Excessive daytime sleepiness in 
late pregnancy may not always be normal: results from a cross-sectional 
study. Sleep Breath 2013, 17(2):735-740. 

18. Bourjeily G, El Sabbagh R, Sawan P, Raker C, Wang C, Hott B, Louis M: 
Epworth sleepiness scale scores and adverse pregnancy outcomes. 
Sleep Breath 2013, 17(4):1 179-1 186. 

19. Lee KA, Gay CL: Sleep in late pregnancy predicts length of labor and type 
of delivery. Am J Obstet Gynecol 2004, 191(6)2041-2046. 

20. Chang JJ, Pien GW, Duntley SP, Macones GA: Sleep deprivation during 
pregnancy and maternal and fetal outcomes: is there a relationship? 
Sleep Med Rev 2010, 14(2):107-1 14. 

21. Izci-Balserak B, Pien GW: Sleep-disordered breathing and pregnancy: 
potential mechanisms and evidence for maternal and fetal morbidity. 
Curr Opin Pulm Med 2010, 16(6)574-582. 

22. August EM, Salihu HM, Biroscak BJ, Rahman S, Bruder K, Whiteman VE: 
Systematic review on sleep disorders and obstetric outcomes: scope of 
current knowledge. Am J Perinatol 2013, 30(4)323-334. 

23. Pamidi S, Pinto LM, Marc I, Benedetti A, Schwartzman K, Kimoff RJ: Maternal 
sleep-disordered breathing and adverse pregnancy outcomes - a 
systematic review and meta-analysis. Am J Obstet Gynecol 2013:. 

24. Fung AM, Wilson DL, Lappas M, Howard M, Barnes M, O'Donoghue F, 
Tong S, Esdale H, Fleming G, Walker SP: Effects of maternal obstructive 
sleep apnoea on fetal growth: a prospective cohort study. PloS one 
2013, 8(7):e68057. 

25. The Swedish Medical Birth Register 1973-201 1: Stockholm: Centre for 
Epidemiology, National Board of Health and Welfare. Stockholm, Sweden: 
Centre for Epidemiology, National Board of Health and Welfare; 2013. 

26. Johns MW: A new method for measuring daytime sleepiness: the 
Epworth sleepiness scale. Sleep 1991, 14(6)540-545. 

27. Walters AS: Toward a better definition of the restless legs syndrome. The 
International Restless Legs Syndrome Study Group. Mov Disord 1995, 
10(5):634-642. 

28. International statistical classification of diseases and related health problems: 
ICD-10. Geneva, Switzerland: World Health Organization; 2009. 



29. Elkus R, Popovich J Jr: Respiratory physiology in pregnancy. Clin Chest Med 

1992, 13(4)555-565. 

30. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S: The occurrence of 
sleep-disordered breathing among middle-aged adults. N Engl J Med 

1993, 328(17):! 230-1 235. 

31 . Svensson M, Lindberg E, Naessen T, Janson C: Risk factors associated with 
snoring in women with special emphasis on body mass index: 

a population-based study. Chest 2006, 129(4)333-941. 

32. Frederick 10, Qiu C, Sorensen TK, Enquobahrie DA, Williams MA: The 
prevalence and correlates of habitual snoring during pregnancy. 
Sleep Breath 2013, 17(2)541-547. 

33. Cedergren Ml: Maternal morbid obesity and the risk of adverse 
pregnancy outcome. Obsfef Gynecol 2004, 103(2)219-224. 

34. Sarberg M, Josefsson A, Wirehn AB, Svanborg E: Restless legs syndrome 
during and after pregnancy and its relation to snoring. Acta Obstet 
Gynecol Scand 201 2, 91 (7):850-855. 

35. Ohayon MM, Roth T: Prevalence of restless legs syndrome and periodic 
limb movement disorder in the general population. J Psychosom Res 
2002, 53(1)547-554. 

36. Peppard PE, Young T, Palta M, Skatrud J: Prospective study of the 
association between sleep-disordered breathing and hypertension. 
N Engl J Med 2000, 342(1 9):1 378-1 384. 

37. Bazzett LB, Yaron Y, O'Brien JE, Critchfield G, Kramer RL, Ayoub M, Johnson 
MP, Evans Ml: Fetal gender impact on multiple-marker screening results. 
Am J Med Genet 1 998, 76(5)369-371 . 

38. Di Renzo GC, Rosati A, Sarti RD, Cruciani L, Cutuli AM: Does fetal sex affect 
pregnancy outcome? Gend Med 2007, 4(1 ):1 9-30. 

39. Johns MW: Sleepiness in different situations measured by the Epworth 
sleepiness scale. Sleep 1994, 17(8)703-710. 

40. Baumgartel KL, Terhorst L, Conley YP, Roberts JM: Psychometric evaluation 
of the Epworth sleepiness scale in an obstetric population. Sleep Med 
2013, 14(1 ):1 16-121. 

41 . Hernandez-Diaz S, Toh S, Cnattingius S: Risk of pre-eclampsia in first and 
subsequent pregnancies: prospective cohort study. Bmj 2009, 338:b2255. 



dofclO.1 186/1471-2393-14-15 

Cite this article as: Sarberg et al: Snoring during pregnancy and its 
relation to sleepiness and pregnancy outcome - a prospective study. 

BMC Pregnancy and Childbirth 2014 14:1 5. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www. biomedcentra I .com/su bmit 



o 



BioMed Central 



